Aim: This study evaluated the antibiofilm effect of an experimental solution of 2% Ricinus communis (R. communis) on a silicone-based denture liner by means of a randomized clinical trial, as well as the integrity of such liner following a cleansing regimen with such solution.
INTRODUCTION
Denture liners have been frequently used in clinical practice because they collaborate with the distribution of the masticatory loads over the denture-bearing mucosa. 1 Moreover, lining often improves denture stability and retention, thus improving patient comfort. 2, 3 However, one of the most important drawbacks of such materials related with their cleansing over time. It is well known that soft denture liners are easily colonized and deeply infected by bacteria and fungi, in special Candida species. 1, 4 The main goal of denture hygiene is to remove the adhered biofilm and eliminate or reduce pathogenic microorganisms. 5 Biofilm control is necessary also to prevent esthetic problems, staining and unpleasant odor. Effective biofilm control can be carried out through mechanical methods (ultrasound or brushing), chemical methods (soaking in sodium hypochlorite, alkaline peroxides, acids, mouthwashes or enzymatic solutions) and through the association of both forementioned methods. 6 Nevertheless, there is little evidence that any denture cleaning method is more beneficial than another regardless of the outcome.
This study presents a denture cleaning solution based on 2% Ricinus communis that was created and formulated as an attempt to fulfill all these characteristics cited above. After reviewing literature in search of alternative products for denture hygiene, the R. communis was elected to be the main component of the denture cleanser idealized. The oil extracted by this plant originates a detergent. Based on the current scientific literature findings in endodontics, the R. communis solution as a root canal irrigant presented surprising results in biocompatibility to periapical tissues as well as antimicrobial and anti-inflammatory activity similar to sodium hypochlorite. 9, 10 In prosthodontics, the 2% R. communis solution presented compatibility to denture acrylic resin 11 and denture liners 12 in vitro. It also has minimal effects on the mechanical and physical properties of such materials, which is relevant to their lifespan. The clinical evaluation of this solution is of extreme importance to confirm its antimicrobial action against the pathogenic microorganisms present in denture soft liners biofilm and compatibility with denture materials.
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This manuscript reports a randomized controlled clinical trial on the effectiveness of an experimental 2% R. communis solution as a cleanser for complete dentures relined with a silicone-based denture liner, compared with brushing and the association of both methods. Outcomes were assessed until 60 days of denture cleansing and comprised biofilm coverage area, physical integrity of the denture liner and microbial counts of 38 species. The null hypothesis for each outcome was that the three tested cleansing regimens would present similar results.
MATERIALS AND METHODS
The participants were patients from the Ribeirão Preto Dental School who requested treatment with complete dentures. The inclusion criteria were: good systemic health; no evidence of motor disorders; ability to understand the researchers and to provide verbal feedback; healthy denture-bearing tissues, without signs of trauma-based inflammatory processes, chronic atrophic candidiasis or hyperplasia. Participants should also be wearing upper and lower complete dentures regularly. Such dentures should be fabricated from heatactivated acrylic resin, be in use for at least 12 months and less than 5 years and present satisfactory occlusion. We excluded participants with residual roots or impacted teeth.
Potential participants were invited to provide informed consent. This protocol was approved by the Ethics Committee of the Ribeirão Preto Dental School-University of Säo Paulo, universidade de Säo Paulo (USP) (CAAE-0013.0.138.000-07).
Enrolled participants had their lower dentures lined by the direct technique using a silicone-based denture liner (Mucopren soft; Kettenbach Dental, Eschenburg, Germany), as reported in a previous study. 11 The final sample was composed for 30 patients ranging from 47 to 70 years. The study was based on the model of comparison among groups and blinding of the researcher responsible for outcome assessment, i.e. the one who photographed the prosthesis, the biofilm collected and analyzed the images and collected species. Once proper denture adaptation to the underlying mucosa was verified, as well as absence of any occlusal interference, the patient was scheduled to appointments on the ensuing 24, 48 and 72 hours. For this period, the patients were oriented to use gauze and neutral soap for to cleanser the denture with liner. 13 All the patients started the use of tested methods only after the adaptation of the prosthesis. Following the confirmation of proper denture adaptation, the patients were randomly distributed in three groups of hygiene methods according to numbers generated in computer: For all three methods, patients received all necessary information verbally and in written format and were oriented to keep dentures immersed in fresh water, while sleeping and to rinse the oral cavity with running water after denture brushing.
Flow chart 1 presents the enrollment allocation follow-up and groups of participations.
Biofilm Removal Capacity
To evaluate the effectiveness of the cleaning methods in biofilm removal, each lower denture was removed from the oral cavity, rinsed in running water for 5 seconds and dried with an air spray for 10 seconds. The internal surface was dyed with 1% sodium fluorescein applied with a dry swab. Dentures were again rinsed for 5 seconds to remove excessive dye and dried for 10 seconds. The dyed surface was photographed using a digital camera (Canon EOS Digital Rebel EF-S 18-55, and flash: Canon MR-14 EX, Canon Inc, Tokyo, Japan), with standardized film-object distances and exposition time, under a 90º angle using a stand (Testrite Instrument Company Incorporated in Newwark, USA). After being photographed, the dentures were again cleanses by the researcher using a gauze and neutral soap and returned to the patient.
The photographs were transferred to a computer, processed using the software image tool [version 3.0 for Windows, University of Texas Health Science Center (UTHSC), San Antonio, Texas (TX)] and the total internal and the internally-dyed areas were measured by a calibrated researcher who was blind for the study groups.
14, 15 The biofilm coverage area was calculated using the formula.
15,16
Total biofilm area 100 Total internal denture surface area
×

Microbial Counts
The antimicrobial action of the hygiene methods was analyzed based on the biofilm composition as assessed by the DNA checkerboard hybridization method. 7, 17, 18 We conducted such assessment after 15 and 60 days of each intervention. Biofilm was collected from the intaglio surface of lower dentures with a microbrush and its active tip was laid into an container, individually, with 150 µl of TE solution [10 mM Tris-HCl, 1 mM ethylenediamine tetraacetic acid (EDTA), pH 7.6], to which another 150 µl of 0.5M NaOH was added, as preconized by Haffajee et al.
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All procedures involved with processing samples and interpreting results will be carried out as described by Nascimento et al. 20 In brief, DNA samples were applied in individual lanes and fixed to nylon membranes according to Socransky et al (1994) . 17 For standard samples, mixtures of genomic DNA corresponding to either 105 or 106 bacterial cells of each analyzed species were assembled, denatured, precipitated and applied into two control slots. Membranes were prehybridized (60°C for 2 hours) in a hybridization buffer consisting of NaCl at 0.5 M and blocking reagent at 0.4% (with volume). Thereafter, membranes received defined aliquots of labeled whole genomic probes of target species and hybridized overnight at 60°C under gentle agitation, and washed twice in primary wash buffer (65°C for 30 minutes) and twice in secondary wash buffer (room temperature for 15 minutes).
Hybrids were directly detected after washing by chemiluminescence using the Gene Images chemiluminescent detection reagents (CDP) Star Reagent (General Electric Healthcare UK). Exposition of the membrane to ECL Hyperfilm-MP (GE Healthcare UK) for 30 minutes enabled the detection of hybridization signals. Images on Hyperfilm were digitized and analyzed with the ImageQuant TL software (GE Healthcare UK). The software translates the pixel intensity into an amount of microbial cells by comparing samples with control lanes on the membrane.
Evaluated species are listed on Table 1 and include pathogens associated with denture stomatitis. 21 The investigation has also encompassed microorganisms associated with periodontal disease, which could remain in the oral cavity following teeth loss.
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Physical Integrity of the Denture Liner
This subjective and qualitative evaluation of the Mucopren Soft was made by the observation of the relined dentures after 15, 30 and 60 days of hygiene by a researcher who was blind to the allocation sequence. The scores were attributed under the following observations:
• Good ('0'-zero): Unaltered denture liner material surface • Regular (1): Denture liner material surface presenting small defects • Unsatisfactory (2): Denture liner material surface presenting large defects, such as bubbles, tearing, grooves or detachment = very bad. All relined dentures were free of defects at baseline; therefore all participants received a '0' before employing assigned cleansing regimens.
Statistical Analysis
Data analysis for biofilm removal was performed with two-way ANOVA and Tukey honestly significant difference (HSD) test for mean value comparison (α = 0.05). The physical integrity of Mucopren Soft was detected using the score method. The score given to each denture for every hygiene method and period was counted and score attribution frequency was registered in a table for further descriptive analysis. Microbial counts were compared between hygiene methods and time periods of 15 and 60 days using the generalized linear method and Tukey HSD test (α = 0.05) (Predictive Analysis Software SPSS Inc, Chicago, Illinois, USA).
RESULTS
Biofilm Removal
Both tested factors, namely groups and time, influenced results for biofilm coverage area (p < 0.01 for both). No interaction between them was found though (p = 0.37).
After 60 days there was increased biofilm buildup over the denture liner (Graph 1). The chemical method (immersion in 2% R. communis solution) and the associated one (brushing and immersion) were less effective in biofilm removal, also considering that the brushing method left the smallest amount of biofilm (Graph 2).
Antimicrobial Capacity
The generalized linear method indicated statistically significant difference for the hygiene methods for 10 out of 38 investigated microorganisms. Time influenced the counting only for F. nucleatum, which diminished after 60 days following intervention (Table 2) .
Graph 3 presents the estimated mean counting and the respective reliability intervals set at 95% for each hygiene method, regardless of time, considering only the species for which the methods were significantly effective.
Physical Integrity
The scores attributed to the evaluated lower dentures in each hygiene method and each time (Graph 4).
For the 15 days period, there was a prevalence of 0 and 1 scores attributed to all hygiene methods. After 30 days, a Flow Chart 1: Presenting the enrollment allocation, follow-up and groups of participations score of 2 was attributed more frequently to the chemical and associated methods. The mechanical method did not have a score of 2 attributed to none of the dentures in the evaluated period.
DISCUSSION
This manuscript reports a comparison among three methods: an experimental 2% R. communis denture cleansing, brushing and their associated use. Outcomes aimed at determining how would such methods remove biofilm and act on specific species, as well as preserve the soft liner used. Interestingly, each outcome had a different method with its most favorable results.
The results of this study indicate that the mechanical method (brushing) was the most efficient in removing biofilm coverage when compared with the chemical and associated methods. The use of a soft bristle brush associated with the appropriate dentifrice for dentures may have contributed to these results. We considered it as a positive result once that brushing is the most common method using by the denture wearers. 16 The scientific literature is controversial relating to the indication of brushing as a hygiene method for denture liners. Boscato et al (2009) 24 in a clinical study detected that brushing was more effective in biofilm removal than the associated method, corroborating with this present investigation. Wright (1982) 25 and Schmidt and Smith (1983) 26 have also found satisfactory results with the brushing technique. Although brushing is effective for biofilm removal some authors found an increase in roughness after brushing 27, 28 which could contribute to microorganism adhesion. Botega et al (2004) , 28 in an in vitro study, observed that brushing increased surface roughness in lining material (Sofreliner) and reduced it in another material (Dentuflex) after brushing.
The mechanical method also caused fewer alterations in physical integrity of the silicone-based denture liner in comparison to the immersion and the associated groups. The brushing group did not receive any score of '2' following 60 days. The term physical integrity is related to the overall Graph 3: Estimated mean counting and respective 95% confidence intervals for each hygiene method, regardless of time considering only the species for which the methods were significantly effective. Equal letters designate equally significant value durability of the denture liner. 29 Mutluay et al, 30 also cite that this terminology must also reflect material durability during disinfection procedures in which brushing and other methods subject the lining material to several different stress patterns. A flaw is observed when there is tearing or partial material loss during its clinical use. In this present study, the chemical (immersion in 2% R. communis) method was not superior to the mechanical method in biofilm removal. However, the immersion in 2% R. communis solution caused the highest antimicrobial acti-vity for various species. Apparently the 2% R. communis solution presents the same problem as other hygiene solutions studied in the current literature. 31 Its continuous use could have caused roughness increase on the denture liner surface leading to the appearance of sites where bio- 32 According to them, the R. communis detergent acts by breaking down sugar of the cellular wall of pathogenic microorganisms, including species of Candida, consequently the loss of cytoplasmatic material leads to cell destruction. 10, 32 Antibacterial evaluation of the used methods showed that among the 38 evaluated samples, 10 presented statistically significant differences between groups. Among these 10 samples, 8 presented statistically higher counting for the mechanical method when compared with the chemical method, and the associated one residing in between. For the brushing group statistically higher values were obtained in 8 of these 10 samples when compared with the immersion group, including those for microorganisms of extreme importance for the pathogenicity of chronic atrophic candidiasis, which includes all five studied Candida species. In this study, many microorganisms were evaluated including fungi and bacteria. Pereira-Cenci et al (2008) . 33 cite that denture biofilm is composed mainly of bacteria 21 with a high predominance of S. mutans, while fungi constitute a smaller portion of the total microbiota. 8 A multiple-species biofilm increases the chance of it surviving in the oral environment. Even though the oral cavity consists of several habitats, microorganisms interact in order to guarantee their individual survivability. These factors show the importance of studying fungi and bacteria at the same time. Even though bacteria appear numerically superior, Verstrpen and Klis 34 emphasize the notable capacity of biofilm formation from the adhesive properties of fungi such as C. albicans, making this species one of the main attention focuses. 24, 33, 35 The associated method appeared in an intermediate position for microorganism counting and was statistically similar in 36 out of 38 samples when compared with mechanical and chemical methods. Bulad et al 36 have verified that surface roughness is a significant factor for biofilm retention. In the present study, surface roughness was not evaluated but, actually, the physical integrity of the denture liner, specially the deterioration over time. What can be deduced is that, over time, immersion contributed to some loss of material's physical integrity and, consequently, to increase material roughness, which could have increased the biofilm coverage area. Microbiological analysis results and the biofilm removal effectiveness results are opposite, showing that not always a denture with higher biofilm coverage also has higher pathogenicity. One example of this theory is found with patients presenting aggressive periodontitis. For such cases, dental biofilm is not necessarily abundant and usually incompatible with its severity. 37 The effectiveness of the hygiene methods was evaluated after 15, 30 and 60 days. Results have shown that there was no difference between the 15 and 30 days in terms of biofilm surface coverage percentage, regardless of the hygiene method. However, after 60 days, the difference was significant and a higher amount of biofilm was presented. Probably patient compliance was partially lost and the adherence to assigned interventions was not as rigid as after 15 days, even though participants related that followed correctly the instructions. It can be inferred that even a material that is indicated for prolonged use such as Mucopren Soft has shown to be susceptible to alteration caused by the exposure to the oral environment and to the hygiene methods over time.
Some methodologies have been utilized to try to alleviate, quantify and qualify acrylic resin denture and soft lining material biofilms. However, the interaction among roughness, material degradation, biofilm quantity, microorganism species and their quantity seem to facilitate the understanding of the relationship between the denture liner and the hygiene methods. Apparently, some types of denture liner materials react differently to the many types of hygiene methods. Trying to evaluate such interactions may enable the professionals to recommend a more appropriate hygiene method and material to be used clinically. Nikawa et al (2003) 38 suggest that daily cleaning with incompatible disinfecting agents may promote the formation of fungal biofilm. Dental professionals should choose denture cleansers taking into account their compatibility with the soft lining material both in the physical and biological aspects. This study suggested that the 2% R. communis solution has antimicrobial properties against many microorganisms of denture biofilm and can probably be used as a soft denture liner cleanser. It is also important to point out that brushing with an appropriate dentifrice and toothbrush for dentures presented satisfactory results in our study and should not be discarded. It is important to evaluate in future studies the same variables of the present investigation involving other components of dentures such as acrylic resin and artificial denture teeth.
CONCLUSION
The 2% R. communis cleaning solution has antimicrobial capacity on a silicone-based denture liner after immersion, being the most effective in reducing microorganism quantity, including the five tested Candida species. However
